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THE EFFECTS ON THE AERODYNAMIC CEARACTERISTICS OF REVERSING
THE WING OF A TRTANGULAR WING-BODY COMBINATION AT
TRANSONIC SPEEDS AS DETERMINED BY
THE NACA WING-FLOW METHOD

By Jemes M. McKay and Albert W. Hall
SUMMARY

Tests were made by the NACA wing-flow method &t Mach numbers from
0.75 to 1.075 to determine the effect on the aerodynamic charaecteristics
of reversing a triangular wing with a 6-percent-thick biconvex section.
The wing was mounted in combination with a fuselage of fineness ratio 12.

Measurements were made of normal force, chord force, pitchlng moment,
and angle of attack as the model was oscillated through an angle-of-attack
range from about -3° to about 10°. The Reynolds number of the tests

was approximately 1.5 X 106.

Of the two configurations tested, the wing-reversed combination
(apex angle trailing) gave higher lift-curve slopes than the wing-forward
configuration (apex angle forward), particularly at the higher Mach
numbers. The drag rise at zero lift was slightly delayed for the wing-
reversed configuration but the magnitude of the drag rise was about
20 percent greater with the wing reversed than with the wing forward.
At zero 11ft and at low Mach numbers the aserodynamic center for the wing-
forward configuration was at approximately the 35-percent mean-serodynemic-~
chord position, whereas the aerodynamic center for the wing-reversed
configuration was practically at the leading edge of the wing.

INTRODUCTION

As part of & program to determine the effect of wing section, plan
form, and thickness on the eerocdynamic cheracteristics of triangular
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wings at transonic and low-supersonic speeds, several wing-fuselage con-~
figurations have been tested by the NACA wing—flow method. A previous
report, reference 1, presented the effect Of section shape on the aero-
dynamic characteristics of two triangular wings. The present paper pre-
sents the effects on the aerodynamic characteristics at transonic speeds
of reversing a triangular wing with a 6-percent-thick biconvex section.
The triangular wing was mounted in combination with & symmetrical fuse-
lage of fineness ratio 12. Measurements were made of normal force, chord
-force, pitching moment, and angle of attack as the model was oscillateg
through an angle-of-attack renge from about -3° to about 10°. The teats
covered a range of Mach numbers from 0.75 t0 1.075. The Reynolds number

of the tests was approximately 1.5 X 106, based on the mean aerodynamic
chord of the model.

SYMBOLS

My, local Mach number st surface of test section a

M effective Mach.number at wing of mecdel

q effective dynemic pressure at wing of model, pounds
per square foot

R Reynolds number, based on mean aerodynamic chord of
model

[+ angle of attack of model wing, degrees

8 semispan wing area of model, square feet

b span of model wing, inches | "

c local wing chord of model, inches

b
f /2 24
0

mean aerodynamic chord of modél wing, inches ——-575———m-

Jo o
0

(g3 ]

¥y spenwise coordinate, inches
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L 1ift, pounds

M pitching moment about 50 percent ¢ point, inch-pounds

D drag, pounds

CL, 1ift coefficient (L/qS)

Cm pitching-moment coefficient (M/gSC)

Cp drag coefficient (D/qS)

CDmin _ minimum drag coefficient

dCL/dm rate of change of 1lift coefficient with angle of attack
ACD%ACLE average ratio of the increment of drag coefficient above

the minimum to the square of the Increment of 1lift
meagsured from that corresponding to minimum drag coef-

Ch-2C
D
ficient Dain 5
[_EL - (CL at CDmin)]
de/dCL rate of change of pitching-moment.coefficient with 1lift
coefficlent

APPARATUS AND TESTS

The tests were made as descrlbed in reference 2 by the NACA wing-
flow method, in which the model was mounted in the region of high-speed
flow over the wing of a North American F-51D airplane.

The triangular wing was made of duralumin and had a 6-percent-thick
biconvex section and a 30° half-apex angle. The fuselage was a half body
of revolution of fineness ratio 12 and was fitted with an end plate. One
configuration had the wing forward (apex angle forward) and the other con-
figuration had the wing reversed (apex angle trailing). The geometric
characteristics of the model sre shown in tables I and II and figures 1
and 2. For the wing-forward configuration the wing was mounted on the
fuselage as shown in figure 2. The Included area to the fuselage center
line of this arrangement resulted 1n an aspect ratio of 2.31 with the
mean-aerodynamic-chord location and other dimensions as shown in figure 2
and table I. For the wing-reversed configuration the same wing was

3
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reversed on the fuselage as shown in figure 2. The reversed-wing posi-
tion was such that the included wing area to the fuselage center line
was less than the area for the wing-forward position and the span
increased slightly resulting in an aspect ratio of 2.49 and a new mean-
serodynsmic-chord length and location as shown in figure 2 and table I.

The models were mounted about 1/16 of an inch above the surface of
the test section and fastened to a strain-gage balance below the test
section by means of a shank which passed through a hole in the surface.
The model and balance oscillated together, thus allowing normal force,
chord force, and pltching moment to be measured at various angles of
attack.

The chordwise distributlon of local Mach number Mj; along the air-

plane wing surface in the test region is shown in figure 3 for several
values of airplane Mach number and 1ift coefficient. The local Mach
number was determined from static-pressure measurements made with orifices
flush with the surface, in tests with the model removed. The vertical
Mach number gradient, determined from measurements made with a static
pressure tube located at various distances above the surface of the test
section, was found to be 0.009 per inch. The effective Mach number M
at the wing of the model waa determined as an average Mach number over
the wing area of the model. A more detailed dlscugsion of the determi-
nation of effective Mach number and effective dynamic pressure q &t
the model wing can be found in reference 2. :

The angle of attack was determined from measureménts of model angle
and local flow angle. The local flow angle was messured by means of a
free-floating vane mounted outbosard of the model station as discussed
in reference 2.

Continuous measurements were made of normal force, chord force,
pitching moment, and angle of attack of the model as the North American
F-51D airplene was dived to obtain a range of effective Mach mumbers from
1.075 to 0.750. The variation of Reynolds number with Mach number during
the dive is shown in figure 4. During the dive the model was oscillated
through an angle-of-attack range from about -3° to about 10°,

REDUCTION OF DATA

Lift, drag, and pitching-moment coefficients are based on the wing
area extended to the fuselage center line as shown in figure 2. Pitching
moments are referred to the 50-percent mean-aerodynamic chord point for
both arrangements tested.

s
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Corrections have been made to the drag for the effect of buoyancy
on the fuselage due to pressure gradients in the test region. Buoyancy
on the wing for the two arrangements tested was found to be negligible.
No attempt has been made to correct the drag data for the effect of the
fuselage end plate. Aeroelastic effects were considered negligible and
no corrections were epplied. ’

A typlcal sample of the data for one oscilllation of the model through
the angle-of-attack range is shown in figure 5. The Mach number Juring
the cycle varied from 0.831 to 0.819, and the curves faired through these
points were used to give results for a Mach number of 0.825. Similarly,
several cycles were computed for each arrangement and cross-plotted to
show the varistion of the characteristics with Mach number at constant
1ift coefficlents.

RESULTS AND DISCUSSION

Lift Characteristics

The variation of angle of attack with 1ift coefficient for several
values of Mach number is shown in figure 6 for the two configurations
tested. The curves for the wing-reversed configuration indicate an
earlier stalling tendency at subsonic speeds than is indicated for the
wing-forward configuration. The variation of angle of attack o with
Mach number M for several values of 1lift coefficient Cj 1is shown in

figure 7 for the itwo configurations tested. The curves presented for

the wing-forward combination indicate less variation of angle of attack
with Mach number at constant values of 1ift coefficient than is indicated
for the configuration with the wing reversed.

The average lift-curve slopes dCL/dm for the two configurations

over a range of 1ift coefficients from O to 0.3 are shown in figure 8 as
a function of Mach number. The values of ch[ax for the wing-reversed

combination were higher than the values for the wing-forward configuration,
particularly at the higher Mach numbers. The lift-curve slope computed
according to reference 4 agrees quite well with the measured values
throughout the subsonic renge for the wing-forward configuration. The
lift-curve slope computed accordlng to the method of reference 5 agrees
closely with the measured values at Mach numbers gbove 1.00 for the wing-
reversed configuration. The reversibility theorem of linearized theory,
reference 3, states that reversing the wing should have no effect on the
lift-curve slope. There are many factors involved in the present tests
that could ceause this difference between the test resulis and theory. The
theorem of reference 3 is based on the wing alone, whereas the present

. EITERT
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results contain the effects of fuselage interference, smaell pressure
gradients, and the test-section boundary 1ayer, and other effects peculiar
to this type of test procedure.

Drag Characteristicé

The variation of drag coefficient Cp with M at constant Cy

is shown in figure 9 for the two wing-fuselage configurations. It is
believed that the absolute values of Cp for the two configurations

are considerably high, because of the drag of the end plate and unknown
effects of the semispan method of testing, but the drag rise (increase
in drag from subsonic to supersonic values) 1s believed to be of the
correct order. The drag rise seems to occur at a slightly higher Mach
number wlth the wilnhg reversed, particularly at the higher 1ift coef-
ficients, but the magnitude of the drag rise is approximately 20 percent
greater with the wing reversed.

The drag due to 1ift ACp[AC;? for a range of 1ift coefficients

from O to 0.3 1isg shown in figure 10 as a function of Mach number for the
two configurations. The drag due to lift was somewhat less for the wing-
reversed configurstion at the higher Mach numbers, but was about the

same for both configurations at lower Mach numbers.

Pitching-Moment Characteristics

The varlation of pitching-moment coefficient C, with M at con-
stant Cp values is shown in figure 11 for the two wing-fuselage con-

figurations. The aserodynamic-center locatlons were determined from the
slopes deIdCL of the piltching moment curves at C;, =0 and Cp =0.3,

and are shown in flgure 12 for the two configurations as a function of
Mach number. At Cp = 0 and at the lower Mach numbers, the aerodynamic

center for the wing-forward configuration is gt approximately the
35-percent mean-serodynamic-chord position, whereas the aserodynamic
center for the wing-reversed configuration is practically at the leading
edge of the wing. Both configurations show & rearward shift in the aerco-
dynemic center of about 10 percent of the mean aerodynamic chord with an
increase in Mach number, the greater part of which occurs at Mach numbers
between 0.95 and 1.00., Increasing the 1ift coefficient to 0.3 had little
effect on the locatlion of the aerodynamic center for the wing-forward
configuration. With the wing reversed, increasing the 1ift coefficient
to 0.3 moves the aerodynemic center about 10O percent farther rearward at
subsonic speeds, but this difference becomes smaller with increase in
Mach number.
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CONCLUDING REMARKS

Tests were made by the NACA wing-flow method on a triangular wing-
fuselsge model with & 6-percent-thick biconvex section. Two configu-
rations were tested, one with the wing forward (apex angle forward),
and the other with the wing reversed (apex angle tralling), at Mach
numbers between 0.750 and 1.075.

The results showed that with the wing reversed, higher lift-curve
slopes were indicated than with the wing forward, particularly at the
higher Mach numbers. The drag rise at zerc lift was slightly delayed
for the wing-reversed configuration, but the magnitude of the drag rise
was about 20 percent greater with the wing reversed than with the wing
forward. The drag due to lift wag somewhat less for the wing-reversed
configuration at the higher Mach numbers, but was about the same for
both configurations at lower Mach numbers. At zero lift and at low
Mach numbers the aerodynamic center for the wing-forward configuration
was at approximately the 35-percent mean-serodynamic-chord position,
whereas the aerodynamic center for the wing-reversed configuration was
practically at the leading edge of the wing.

Langley Aeronauticael Laboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va.
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TABIE I

GECMETRIC CHARACTERISTICS OF MODEL CONFIGURATIONS

Wing forward Wing reversed
Wing:
Section . . . s « « « Blconvex Biconvex
Thickness ratio, percent chord . . . . .. 6 6
¢, inches . . . . ... hooT 3.87
Semispan area 1nc1uding projected
area of wing 1ln fuselage,
square inches . « +. = « « « « « « . . . 10.78 10. 4k
Aspect rgtilo . . . ... . o 0 o ... 231 2.49
Dihedral, degrees e e e e 4 e e e e e 0
Incidence, degrees . . . « « ¢ ¢ « « o« . . 0 0
Fuselage: '
Section . . . &« « « « « . Modified 65-series body of revolution
Iength, inches .. A 2 14
Maximum dlameter at 50 percent
length, inches . . . . . e« e o . . L1177 1.17
Fineness ratio . . . . . . . . . . .. . 12.0 12.0

““!!i"’
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TABLE II

ORDINATES FOR FUSELAGE
[411 dimensions are in inches]

SECTION AA

LI S

l /—Fuaelage center line

T4 (Curved)
 ——
X Y R X Y R
0 0 0 : 5.600 0. 169 0.569
.070 ———- .032 6.300 gg .580
.105 .006 .0§2 7.000 A '588
175 011 | .060 .700 .187 .5
350 .022 .101 1100 181 .5 g
.700 .ol2 .169 9.100 171 .53
1.050 +059 226 - 9.800 157 49
1.400 .075 276 10.500 .1L0 A3
2.100 .102 <363 '11.200 .12k .35
2.800 .12l .i 2 11.900 .082 .265
.500 140 .haz 12.600 .06 .1
.200 .153 .5 13.300 035 .089
L .00 .160 551 1l.000 o 0
~E
S
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End plate

Fuselage
(modified 65-series

i
body of revolution) }\

R -
o — -
¥ AN
P-51D modified e R yana
wing surface

50% T

8.92

Wing reversed f.\ \

e

5.80

Figure 2.- Details of wing-fuselage models. All dimensions are in inches.
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Wing forward __.4

————— Wing reversed
2.2 x 106 '
1.8

R //"""”“\\N ... \\
il I

1. = g
1.0 L

-7 .8 .9 1.0 1.l

X

Figure k4.~ Variation of test Reynolds number with effective Mach number.



S
— TN

-2

A }9
fo }5
Fame e
~ /1
¥ i
o cf)j
Vi v
K{ 5
y'-\ B ':(/
T§ >
02 ol 06 .08 10 -0l} 0 ol .08
Cp Om
o
=t © Increasing o
© Deacreasing o
_ -~
b
il
W=
./b/
PR
]
7] A
-2 0 2 c B 6 o] 10
Figure 5.- Semple dats for wing-fuselage model with wing-forward
configuration. M = 0.825.

€SHTCT WM VDV

CITEREII

CT.



fo

B——— —1 Wing Peverssd .—A_.

-3

Figure 6.~ Variation of angle of attack with 1ift coefficient for
gseverel Mach mubers for the two wing-fuselage configurations.

I ST 2
o ,A:I’B" ‘
/EM g ]
44‘5 =77 B ¥=1.00
| | ol |
s 20
Pcg
A ]
f.'Er?C gt .
-
: ¥ 851 il =1 .067
_G/' - <= - - . {
| Ed || 8
-2 I 6 8 10 12 -2 o 2 b 10

91

VI N TR

T K VOVH

-
= |

EEHTY



[ 1 ] L} ‘_ r
10 . : : —

Wing forward el Wing reversed I %
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Figure T.- Variation of angle of attack with Mach nunber at constant
1ift coefficient for the wing-fuselage models.
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- Calculated wing=-alone

— —— - —Wing reversed _._-;.

.08
.06 ' :-:.__\
. ’_-_______‘____./

a4y, A
da —_— e

ol
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0 i |
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Figure 8.- Effect of Mach number on 1ift-curve slope of wing-fuselage
configuratlions.
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Figure 9.- Variation of drag coefficient with Mach number at constant

1ift coeffliclent for the wing-fuselage configurations.
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Figure 1l.~ Variation of pitching-moment coefficient wlth Mach pumber
at constant 1ift coefficient for the wing-fuselage modelas.
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Location of aerodynamlc center, percent c
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Figure 12.- Effect of Mach number on locatlon of the aerodynamic center.
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